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An established line of human lymphoma cells  (Daudi)  has  been shown to 
synthesize a small amount of IgM which is not secreted from the cell (1-4). Both 
IgM  (1-7)  and a  binding site for complement (C)  (8)  are present on the cell 
surface. These findings suggest that Daudi cells are neoplastic analogues of bone 
marrow-derived (B)  lymphocytes and that  the  IgM  on  their surface  is  the 
counterpart of the antigen-specific receptor. 
In the  present study,  we have attempted to characterize this surface IgM 
using a  previously reported method for  radioiodinating the  surface of viable 
cells (9,  10).  Our results indicate that there is an average of 105 molecules of 
monomeric IgM on the surface of each cell; in contrast, only "free"/~- and L 
chains are found intracellularly. 
Materials and Methods 
Cells anrl Labellng.--Daudi, an established llne of human Burkitt lymphoma cells synthe- 
sizing IgM, was kindly provided by Dr. Eva Klein (Karolinska Institutet, Stockholm).  Cells 
were maintained in suspension culture in Dulbecco's medium with 10% fetal calf serum and 
1% antibiotic-antimycotic (all Grand Island Biological  Company, Grand Island, N. Y.). 
Enzymatic radioiodination of the surfaces of cells was performed by the method of Phillips 
and Morrison (9) as applied to lymphoid cells by Baur et al. (10). Lactoperoxidase was purified 
by the method of Morrison and Hultquist (12) or was purchased from Sigma Chemical Co., 
St. Louis, Mo. For labeling of ceils with x-leucine-aH (50 Ci/mmole) or L-tyrosine-aH (25 Ci/ 
mmole; both New England Nuclear Corporation, Boston, Mass.), cells were collected by cen- 
trifugation at 1000 g for 10 min and suspended at 5 M 10a/ml in 100 ml of growth medium. 
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Cultures were labeled for 24 hr with 0.5 mCi of either isotope and ceils were washed twice with 
0.15 M sodium chloride-0.05 ~t phosphate buffer, pH 7.1  (PBS).  1 
Washed cells were resuspended in 2 ml of PBS containing 0.50 molar recrystallized iodo- 
acetamide (pH 7.1).  Cells were lysed by adding Nonidet P40  (NP40, Shell Chemical Corp., 
New York)  to a  final concentration of 0.5%, and nuclei were removed  by  sedimentation at 
2000 g for 20 rain. Lysates were then dialyzed against 500 volumes of PBS at 4°C. In some ex- 
periments, lysates similarly prepared from unlabeled cells were radioiodinated and again di- 
alyzed against PBS to remove unincorporated 125I. 
Immunopredpitation and Electrophoresis.--Precipitation of cell lysates was performed by a 
"sandwich" technique using 0.03 ml of rabbit antiserum to human IgM (30 rain at 37°C) and 
excess goat antiserum to rabbit Ig (30 min at 37°C; 2 hr at 4°C). As a control for nonspecific 
precipitation, 0.03 ml of normal rabbit serum was substituted for rabbit anti-human IgM in 
the first step. Specific  precipitates were washed six times with PBS and dissolved at 37°C  in 8 
urea-l% sodium dodecyl sulfate  (SDS)-0.05  ~  tris(hydr0xymethyl)aminomethane (Tris) 
buffer, pH 8.4 (20°C).  For reduction and alkylation, 2-mercaptoethanol was added to a final 
concentration of 0.2 ~  and incubation was continued at 37°C for 30 rain. A 0.5 M solution of 
iodoacetamide adjusted with solid Tris to pH 8.4 was added to a final concentration of 0.25 ~t, 
and incubation was continued for another 30 min. 
Dissolved specific precipitates were dialyzed overnight against 1% SDS-8 ~  urea-0.01• 
phosphate buffer, pH 7.0, and were electrophoresed on 5% acrylamide gels (13) for 311/2 hr at 
15 ma per tube. Urea was absent from the running buffer but was included in the gels. In some 
experiments, dissolved specific precipitates were dialyzed overnight against 2% SDS-0.01 
phosphate buffer, pH 7.0, and were electrophoresed on agarose-2.5% acrylamide gels using a 
modified method of Dingman and Peacock  (14).  2% SDS was included in both the running 
buffer and gels, and electrophoresis was for 90 rain at 7.5 ma per tube. In both electrophoretic 
systems, 19S IgM, IgG, and reduced and alkylated IgG were used as" markers" in a companion 
gel.  Gels were fractionated in the Savant gel extruder (Savant Instruments, Hicksville, N.Y.) 
and were counted in a  Beckman LS-250 liquid scintillation counter  (Beckman Instruments 
Inc., Fullerton, Calif.)  (3H) using 5 g of 2,5-diphenyloxazole and 100 g of  naphthalene/liter 
dioxane or in a  Packard Model 3001  crystal scintillation counter  (Packard Instrument Co., 
Downers Grove, Ill.) (125I). Counting efficiencies were approximately 30% and all determina- 
tions were made to the =t=5°7o error. 
Subcellular Fractionation.--2 X  107 Daudi cells labeled with 1251 were mixed with 2 X  109 
unlabeled cells and were suspended in 50 ml 0.1 ~t Tris buffer, pH 7.4,  containing 1 mmolar 
MgC12  (TMg). All steps were carried out at 4°C. Cells were broken with 20 strokes of a fight- 
fitting Dounce homogenizer and nuclei were sedimented at 1500 g for 20 rain. The postnuclear 
supernatant was sedimented at 12,000 gmax for 10 rain and the pellet  (mitochondrial fraction) 
was saved. The postmltochondrial supernatant was then respun at 100,000 gmax for 90 min and 
both the pellet (microsomes) and postmicrosomal supernatant were stored at 4°C. 
Nuclear and mitochondrial fractions were suspended together in TMg buffer with a  loose 
Dounce homogenizer and 70% sucrose (w/w)-TMg was added to give a final concentration of 
55% sucrose.  8-ml portions of the suspension were loaded into polyallomer tubes (SW-25.1, 
Spinco model L [Beckman Instruments Inc.]) and were overlayed with 8 ml each of 45, 35, and 
25% sucrose-TMg solutions. Tubes were centrifuged for 20 hr at 24,000 rpm and at the comple- 
tion of the run, gradients were sampled with a Pasteur pipette. Two major bands and a pellet 
were obtained. The top band (crude plasma membrane, P~v 1.17) and the bottom band  (mixed 
1 Abbreviations  used  in  this  paper:  BSA,  bovine serum  albumin; NP-40,  Nonidet  P40 
(Shell Chemical Corp.); PBS, phosphate-buffered saline; SDS, sodium dodecyl sulfate; TMg, 
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fraction, P~,. 1.24) were diluted with 3 volumes of TMg and were resedimented at 75,000 g  .... 
for 3 hr. All pellets were either taken for electron microscope examination or were resuspended 
in 5-10 ml of buffer for chemical determinations. Protein was determined by the method of 
Lowry et al. (15), RNA by the method of Fleck and Munro (16), 5  p  nueleotidase by the method 
of Touster et al. (17), and inorganic phosphate by the method of Lowry and Lopez (18). For de- 
termination of incorporated 125I, fractions were dialyzed overnight against TMg and portions 
were precipitated with 5% trichloroacetic acid (TCA), collected on Millipore filters (type HA, 
white; Millipore Corp., Bedford, Mass.), washed twice with  5% TCA, and counted in the 
Packard crystal scintillation counter. 
Radioiodination of Soluble Proteins.--Purifled human IgM  was  obtained  from  Melpar 
Laboratories, Falls Church, Va., or was a gift of Dr. E. C. Franklin, New York University 
School of Medicine, and Dr. H. G. Kunkel, Rockefeller University. Mouse IgM was prepared 
from secretions of myeloma MOPC-104E (11). Mouse IgG and bovine serum albumin (BSA) 
were obtained from Pentex Biochemical, Kankakee,  Ill. Proteins were iodinated in solution 
using the same conditions employed for cells. Iodoaeetamide was added to a final concentration 
of 0.5 M to solutions containing IgM; NP-40 was then added to a final concentration of 0.5%. 
Solutions were dialyzed, precipitated  with  antiserum  against  IgM,  dissolved, and electro- 
phoresed on acrylamide gels as above. 
Electron Microscopy.--Pellets to be processed for electron microscopy were fixed for 1 hr in 
2% osmium tetroxide buffered to pH 7.4 with 0.1 ~  sodium phosphate  (19). Fixed, undis- 
rupted pellets were impregnated with 4% agar (20) to facilitate their orientation for complete 
cross sectioning. Impregnated pellets were dehydrated with ethanol and propylene oxide, em- 
bedded in Epon 812 (21), thin sectioned, counterstained with uranyl acetate and lead citrate 
(22-24), and examined with a Zeiss EM9a electron microscope (Carl Zeiss, New York). 
RESULTS 
Isolatiou of tz- and L Chains from the Cell Surface.--To study the nature of the 
Ig bound to the surface of Daudi cells, cells were enzymaticaily radiolabeled 
with 12~I. Previous experiments have shown that only molecules on the cell sur- 
face are radioiodiuated by this method (10, 11, 25) thereby permitting labeled 
cell surface Ig to be recovered and studied independently of unlabeled intra- 
cellular  Ig  molecules.  After  completion  of  the  reaction,  labeled  cells  were 
washed, lysed with detergent, and after sedimentation of nuclei, iodinated mole- 
cules derived from the cell surface were specifically precipitated with antiserum 
directed against Ig.  As  a  control for  nonspecific precipitation, normal rabbit 
serum was substituted for rabbit anti-Ig in the sandwich precipitation. Immune 
precipitates were then dissolved, reduced and alkylated, and subjected to elec- 
trophoresis on SDS-5 %  acrylamide gels. 
As can be seen in Fig. 1, two peaks, one with #- and one with L chain mobility, 
were identified by electrophoresis on acrylamide gels. No peaks were observed 
as  a  result  of  the  control immunoprecipitation. The  results indicate that  Ig 
chains can be isolated from the cell surface of Daudi cells. 
Subcellular Fractionation of Surface-Labeled  Cells.--If only the cell surface is 
radiolabeled, subcellular fractionation of labeled cells should reveal concentra- 
tion of radioactivity in fractions rich in plasma membrane and no radioactivity 
in fractions free of plasma membrane such as the cell cytoplasm. Accordingly, 
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tron  microscopy  and  evaluated  for  their  content  of  protein,  RNA,  5' 
nucleotidase,  and acid-precipit~,.ble  nsI. 
As shown in Table I, a crude plasma membrane fraction contained the highest 
specific activity of 5  p nucleotidase (an enzyme generally associated with plasma 
membranes of other cells [26]) and also of nSI-labeled proteins. Significant activ- 
ities  of these  markers,  however,  also  appeared  in  other  membrane  fractions 
suggesting  that  they were contaminated  with  plasma  membrane  or with  un- 
broken cells. In contrast, soluble proteins in the cell sap (postmicrosomal super- 
natant)  although  representing the majority of total cellular proteins contained 
almost  no  radioactive  proteins.  This  fillding  provides  further  evidence  that 
6,C  [  ~  speclfi¢  Precipitat~  ,~,  L 
o--oC  .....  I  P~dpitate  j  v  ~, 
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FIG. 1.  Electrophoresis of anti-Ig (specific) and control precipitates obtained from surface- 
labeled  cells  on  SDS-5%  acrylamide  gels.  The  precipitates  were  reduced  and  alkylated 
before electrophoresis. The positions of ~- and L  chains  electrophoresed  on  companion  gels 
are noted. 
intracellular  proteins  are not iodinated.  The  results  also suggest  that  surface 
radioiodination may be useful in procedures used for the purification of plasma 
membrane. 
Additional  experiments were performed to show that nSI-labeled Ig could be 
recovered from  the  plasma  membrane  fraction.  This  fraction  was solubilized 
with  detergents,  dialyzed,  and precipitated  with  antisera  directed  against  Ig. 
SDS-5 %  acrylamide gel electrophoresis  of reduced and alkylated precipitates 
showed an analogous result to that illustrated  in Fig.  1. 
Molecular Weight of Cell Surface Ig Molecules.--This  was studied by radio- 
iodinating cells and lysing them into PBS containing iodoacetamide which was 
included to alkylate free sulfhydril groups and thereby inhibi t  self-assembly of 
Ig chains (27). After sedimentation of nuclei, Ig from the lysate was specifically 
precipitated,  dissolved,  and electrophoresed without  reduction  and  alkylation 
on SDS-agarose-2.5 %  acrylamide  gels. Previous experiments  had  established 
that such gels would include molecules of molecular weights up to approximately 1396  CELL  SURFACE  IMMUNOGLOBULIN.  III 
l0  T daltons and that the electrophoretic mobility was a function of the log of 
the molecular weight. 
The results of a  representative experiment are shown in Fig.  2 a.  A  single 
radioactive peak with  an electrophoretic mobility slightly less than IgG was 
detected suggesting that monomeric IgM is present on the cell surface of Daudi 
ceils. 
Because agarose-acrylamide gels  do not  permit very precise  estimation  of 
molecular weights due to their large pore size,  unreduced specific precipitates 
TABLE  I 
Subcdhdar  Fractionation  of Daudi Cdls after Surface  Radiolabeling 
Per cent of total  Relative specific activity* 
Fraction  Morphology 
Protein  RNA  l~sI  5'NTDase~ RNA  t25I  5'NTDase 
Crude plasma  P redominantly smooth  10.3  7.2  37.2  49.2  0.7  ,3.6  4.8 
membrane  surfaced  vesicles; some 
mitochondria, dense 
bodies, lysosomes 
"Mixed" frac-  Unbroken  cells; many  8.0  11.0  26.1  21.9  1.4  3.3  2.7 
tion  mitochondria,  dense 
bodies, lysosomes; 
occasional nuclei 
Nuclei  Many nuclei; some un-  15,7  35.6  31.2  I0.0  2.3  2.0  0.6 
broken cells and 
smooth surfaced 
vesicles 
Microsomes  Smooth  surfaced vesi-  3.8  16.0  4.5  10.0  4.2  l. 2  2.6 
cles; some RER; few 
mitochondria, lyso- 
somes and dense 
bodies; many "free" 
ribosomes 
Postmicrosomal  --  61.4  30.8  1.8  4.0  0.5  <0.1  <0.1 
supernatant 
Total  99.2  100.6  100.8  95.1 
* Per cent of activity//per cent of protein in fraction. 
5' nucleotidase. 
were  also  electrophoresed on SDS-5 %  acrylamide  gels.  Previous  experiments 
indicated that the resolution of such precipitates was improved by incorporating 
8 ,~ urea in the gels. The  results of this experiment  (Fig.  2 b)  showed that  one 
radioactive peak with the mobility of IgY[ monomer  (11)  was found  as expected. 
No  radioactivity  was  excluded  from  the  gels  confirming  the  absence  of IgM 
polymer3  These  results  are  in  agreement  with  those  obtained  with  agarose- 
2.5 %  acrylamide  gels cited  above. 
The  possibility was considered that  the monomeric  form of IgM  results from 
2 When 0.1  ~  iodoacetamide was used during cell tysis, some radioactivity was found in the 
region of gels corresponding to 19S IgM and smaller polymers. Since  these  molecular species 
were  absent  when  0.5  ~  iodoacetamide  was  used,  we  interpret  these  results  as  indi- 
cating that self-assembly and/or disulfide exchange had occurred with lower concentrations of 
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depolymerization of polymeric IgM due to the conditions of iodination and/or 
extraction. This possibility was investigated by iodination of human IgM from 
three sources and mouse IgM ("secretions" of myeloma MOPC-104E). Analysis 
on gels as above showed no evidence of depolymerization. 
Molecular Weight of Total Cellular Ig Molecules.--To determine the molecular 
forms of total cellular Ig  (i. e. intracellular Ig and cell surface Ig), cells were 
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FIG. 2. Electrophoresis  on SDS-agarose-2.5%  acrylamide (a) and SDS-5% acrylamide (b) 
gels of specific  precipitates obtained from surface-labeled  cells. The positions of several Ig 
"markers" of different  molecular  weights are noted. 
lysed into buffer containing iodoacetamide, nuclei were sedimented,  and  the 
dialyzed lysate was then radioiodinated using lactoperoxidase. Radiolabeled Ig 
was specifically precipitated and electrophoresed on agarose-2.5 %  acrylamide 
gels (Fig. 3 a) or SDS-5 % acrylamide gels containing 8 M urea (Fig. 3 b). One 
major peak was detected on agarose-acrylamide gels in the region of free #- and 
L chains. As expected, two major peaks were detected on SDS-5 % acrylamide 
gels, one with #- and one with L chain mobility. In addition, a minor peak was 
found in the region of IgM monomer. The results indicate that the vast majority 
of intracellular #- and L  chains in Daudi cells is not covaiently assembled. A 
small percentage of the chains is assembled into monomeric IgM and is most 
likely derived from the cell surface (see previous section). 
To confirm this result, growing cell cultures were labeled for 24 hr (approxi- 
mately equal to one "doubling-time")  with leucine-3H. Cells were lysed, nuclei 
were sedimented, and Ig was precipitated from the cell lysates. Electrophoresis 1398  CELL  SURFACE  IM~UNOGLOBULIN.  III 
of such Ig on SDS-5 % acrylamide gels containing 8 ~ urea showed an analogous 
result to that illustrated in Fig. 3 b. 
These experiments demonstrate several important points:  (a)  Since the ex- 
tent of assembly of Ig molecules is different for cell surface and total Ig, these 
experiments provide  additional  evidence that  intracellular  Ig  is  not  labeled 
when  whole  cells  are  subjected  to  radioiodination.  Furthermore,  the  results 
argue against  self-assembly of Ig chains.  (b)  Since the percentage of total Ig 
which is assembled is small, and since most Ig on the cell surface is assembled, 
/'GJ  "Free" 
19STM  T  G  Chains 
×  05 7 
o  I 
10  20  3O  40  50 
Fraction No  Fb; 
19STM TG  /z  L 
50 
J 
o_ 
×  25 
. 
10  20  30  40  50 
Fraction No 
Fla.  3.  Electrophoresis  on  SDS-agarose-2.5%  acrylamide  (a)  and  SDS-5%  acrylamide 
(b) gels of specific precipitates obtained from 125I-labeled cell lysates. See Fig. 2. 
the percentage of total Ig which is on the cell surface must be small. These re- 
suits also suggest that covalent assembly of Ig occurs at or near the time that Ig 
reaches the cell surface.  (c)  Since the #/L chain ratio of l~sI radioactivity is 
similar for chains derived from the cell surface (Fig. 1) and those derived from 
iodinated lysates (Fig. 3 b), it is likely that attachment of Ig to the cell mem- 
brane does not prevent portions of the Ig chains from being iodinated by the 
tactoperoxidase. This result agrees with the results of previous experiments with 
normal spleen cells (11). 
Iodination of #- Versus L  Chains.--Electrophoresis  of radioiodinated specific 
precipitates indicates that more radioactivity is found in the L chain peak than in 
the/~-chain peak (Figs. 1, 3 b). Since lactoperoxidase iodinates tyrosine residues 
of proteins primarily (28), the distribution of tyrosine residues between #- and 
L  chain was investigated.  Cells  were labeled for 48 hr with tyrosine-3H, and 
reduced and alkylated specific precipitates prepared from the cell lysates were 
electrophoresed on SDS-5 %  acrylamide gels. The results  (Fig.  4)  show  that SHERR~  BAUR, GRUNDKE~ ZELIGS,  ZELIGS, AND  UHR  1399 
more 3H-label is found in #-chains than in L  chains. Since the 3H-label reflects 
the relative tyrosine content of/~- and L  chains, the results suggest that lacto- 
peroxidase preferentially iodinates human  L  chains  as compared with human 
/z-chains. Thus,  the #/L  ratio of 125I radioactivity may not  reflect the  molar 
ratio of these chains in Daudi cells. These results are in contrast to those ob- 
tained with mouse IgM in which the #/L chain ratio of radioactivity was similar 
for tyrosine-3H and 12aI-labeled chains (ll). 
O  uantitation of Cell Surface Ig Molecules.--Experiments  designed to estimate 
the average number  of Ig molecules on the cell  surface of Daudi cells are out- 
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FIG. 4.  Electrophoresis on SDS-5% acrylamide gel of a specific precipitate obtained from a 
lysate of cells that had been labeled with tyrosine-3H. The specific precipitate was reduced and 
alkylated before electrophoresis. See Fig. 1. 
lined below: (a) Protein in cell lysates was estimated to be 3.65 4- 1.83 mg/5  X 
107  cells.  (b)  A  cell lysate was  radioiodinated and  portions were  precipitated 
with TCA or with antiserum against Ig. The per cent of the total acid-precitable 
radioactivity which was precipitated as Ig was 2.7 4-  1.3 %.  (c) A known num- 
ber of cells was  radioiodinated and Ig from the  cell surface was  obtained by 
immune  precipitation. A  cell lysate prepared from  the  same  number  of  cells 
was similarly iodinated and precipitated with specific anti-Ig serum. The radio- 
activity in cell surface versus  total Ig was  calculated to  be  1.7  4-  0.9%.  3 (d) 
The  total  number  of  monomeric  IgM  equivalents  was  calculated  from  the 
following equation: 
3 The validity of this calculation relies on the assumption that Ig on the surface of intact 
cells can be radioiodinated  with equal efficiency to Ig in lysates prepared with detergent. There 
is no definitive method of testing this assumption.  It was possible to determine whether the 
detergent NP40 affected the efficiency of radioiodination. Thus, several proteins (IgM, BSA) 
were treated with NP-40,  dialyzed against PBS, and radioiodinated. The same proteins were 
radioiodinated without prior exposure  to detergent. It was  shown  that  detergent pretreat- 
ment followed by dialysis did not affect the efficiency of radioiodination. 1400  CELL  SURFACE  IMMUNOGLOBULIN.  III 
(Prgein//%°ft°tal~(%°f  Igwhich\/m°le  IgM  ~ 
protein  ]  is on the  J/monomer.} 
\~/\which  is  ]g/  surface  /  \  g  / 
"\  No.  /  =  No. of cell surface IgM monomer equivalents/cell 
g (00 7t(00 7  /   mole  ( 
5  X  107  cells/  \  ~  molecules  lS~;O~g4J \  mole  / 
=  116,000 molecules/cell 
DISCUSSION 
Immunoglobulin on the cell  surface of Daudi cells has been isolated, char- 
acterized, and quantified using a method of enzymatic radioiodination of viable 
cells  (10).  Subcellular fractionation of radiolabeled cells confirms our previous 
findings that only the cell surface is labeled since radioactivity was not found 
in the cell cytoplasm but was concentrated in fractions rich in plasma mem- 
brane. Radioactive Ig is found exclusively as monomeric (8S) IgM, s and there 
is an average of 105 Ig molecules per cell in general agreement with determina- 
tions of others using Daudi cells (30) leukemic lymphocytes (30, 31),  a diploid 
lymphocyte line (32),  and normal lymphocytes (33). 
IgM recovered from the cell surface is not an artifact of self-assembly since 
iodoacetamide included in the lysis buffer would alkylate free sulfhydril groups 
and prohibit disulfide bond formation or exchange (27). In addition, the results 
of labeling of total cellular Ig which indicated that the majority of radioactivity 
was in the form of free/~- and L  chains argue strongly against such self-as- 
sembly. Conversely, degradation of assembled IgM molecules under the con- 
ditions of iodination and extraction employed was not supported by control 
experiments performed with both human and mouse 19S IgM. 
Since Ig molecules could be released from the cell surface by detergent lysis 
under  nonreducing  conditions  and  could  be  completely  converted  to  free 
chains  after  reduction of specific  precipitates,  attachment  of  Ig  to  the  cell 
surface presumably occurs via noncovaient interactions. It is also of interest 
that the  ratio  of >/L chain radioactivity in  surface Ig is  similar to  that  of 
total cellular Ig radiolabeled in solution. If attachment of Ig to the cell surface 
is mediated by the Fc portion of the molecule, then our data argue against a 
model in which a large portion of the Fc fragment is buried within the plasma 
membrane. Similar conclusions were reached from studies of I~/L radioactivity 
4 Estimated  by SDS-acrylamide  gel electrophoresis (11). 
.5 The sedimentation coefficient  indicated above is the generally accepted value for mo- 
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of surface Ig from mouse  splenic lymphocytes  (11)  and  from Fab/Fc  radio- 
activity of surface IgG from a murine myeloma line (25). 
In contrast to the results with cell surface Ig, when total cellular proteins in 
cell  lysates  were  radioiodinated,  Ig  recovered  by  specific  precipitation  was 
found to be predominantly in the form of free/~- and L  chains. This result was 
confirmed by labeling growing cultures  with leucine-3H.  After labeling for 24 
hr  (approximately equal  to  one doubling-time),  almost all  newly synthesized 
Ig was recovered as free chains. These experiments indicate that only a small 
percentage of the  total Ig of Daudi  cells is bound to the  cell surface  and,  in 
addition, suggest that covalent assembly of Ig occurs at or near the time that 
the molecule becomes part of the cell membrane. 
The finding that most Ig in Daudi cells is in the form of free/z- and L  chains 
is unexpected. In cells secreting Ig, covalent assembly of H  and L  chains pro- 
ceeds  rapidly.  Thus,  formation  of  interchain  disulfide  bonds  can  begin  on 
polyribosomes  (34-36),  and  assembly  of  the  tetramer  is  virtually  complete 
within  60  rain  after synthesis  of Ig chains  (27).  Since  the  methods  we have 
employed rely on the use of denaturants,  only covalent assembly of Ig chains 
is detected.  Therefore, it is possible that in Daudi  cells,  free #- and L  chains 
are assembled through noncovalent interactions. 
The above considerations and our previously published data on biosynthesis 
of Ig by Daudi  cells  (3,  4)  raise questions  concerning the  relationship  of cell 
surface  Ig to  Ig  in  other  cellular  compartments.  Biosynthetic  data  suggest 
that Ig is synthesized on membrane-bound polyribosomes, enters the cisternae 
of the rough endoplasmic reticulum,  is transported to the Golgi complex and, 
presumably, in post-Golgi vesicles to the plasma membrane. Since neither se- 
cretion nor  degradation  of Ig has been detected,  this  concept in  its  simplest 
form implies that  all Ig molecules eventually appear on the cell surface after 
an ordered sequence of transport steps. 
Since most cell surface Ig is covaiently assembled in contrast to intracellular 
Ig, it should be possible to estimate the rate of transport of Ig to the plasma 
membrane  by  studying  the  kinetics  of  Ig  assembly.  Preliminary  results  of 
"pulse-chase"  experiments  with  leucine-3H  indicate  that  a  large  portion  of 
intracellular Ig is in  the  form of free #-  and L  chains  many days after their 
synthesis. These experiments suggest that if "ordered transport" occurs, then 
transport  of Ig to  the  plasma membrane is  extremely slow. G In  contrast,  Ig 
destined  to  be  secreted  by  plasma  cells  usually  completes  its  intracellular 
transport within 1-2 hr of its synthesis (37,  38). 
Another  major  possibility  is  that  cell  surface Ig may be  synthesized  in  a 
This conclusion is also suggested by indirect evidence: If the average amount of Ig per 
cell remains constant throughout many generation cycles, then the doubling time of Ig mole- 
cules corresponds  to the generation time of the cells. Our present data indicate that the amount 
of intracellular Ig is considerably greater than that of cell surface Ig. These considerations im- 
ply that if ordered transport occurs, transport to the cell surface would be slow. 1402  CELL  SURFACE IMMUNOGLOBULIN.  III 
separate compartment from the majority of intracellular Ig (e.g., in the rough 
endoplasmic  reticulum  adjacent  to  the  plasma  membrane).  7  Only  a  small 
percentage of the intracellular Ig  would  reach the  cell surface. This portion 
may be transported rapidly but would not be detected in pulse-chase experi- 
ments due to the high background of total Ig synthesis. Such a  concept pro- 
poses  that  the  synthesis  of  cell  surface  and  intracellular  Ig  might  be  inde- 
pendently regulated by the cell.  Lerner et al. have previously suggested this 
possibility based on the different half-lives of cell surface Ig as compared with 
total Ig in  a  secretory human cell  line  (32).  We have no data at the present 
time to exclude either of these possible models for synthesis of cell surface Ig. 
It has recently been demonstrated that  murine small  splenic lymphocytes 
possess  predominantly  monomeric IgM  on  their  cell  surface  (11).  The  cells 
bearing  Ig  are  the  bone  marrow-derived  (B)  lymphocytes  (8).  s  Similarities 
between  cell  surface  Ig  on  normal  splenic  lymphocytes and  on Daudi  cells 
suggest that the latter is a neoplasm of the B cell type. 
SUMMARY 
Cells from an established line of Burkitt lymphoma (Daudi) were enzymati- 
callv radioiodinated,  and  labeled  Ig  from  the  cell  surface  was  isolated  and 
studied.  Subcellular fractionation of labeled cells confirmed that intracellnlar 
proteins from the  cytoplasm  are  not  iodinated by this  method.  Radioactive 
Ig was identified as monomeric (8S) IgM,  and an average of 10  5 Ig molecules 
was found per cell. Ig molecules could be released from the plasma membrane 
by  detergent  lysis  under  nonreducing conditions indicating  that  attachment 
of Ig to the plasma membrane occurs via noncovalent interactions. The ratio 
of #/L  radioactivity in  surface Ig  was  the  same  as  that  of total  cellular Ig 
radioiodinated in solution suggesting that a large portion of the Fc fragment 
is  not buried within the membrane.  In contrast to the results obtained with 
cell surface Ig, most intracellular Ig was found as "free" #-  and L  chains re- 
gardless  of whether lysates were labeled  with  125I or  cells were labeled  with 
leucine-3H. The results indicate that only a  small percentage of the total  Ig 
of Daudi  cells is  associated  with  the  cell  surface  and  suggest  that  covalent 
assembly of Ig occurs at or near the time that the molecule becomes part  of 
the plasma membrane.  Similarities between cell surface Ig  on normal splenic 
13mphocytes and  Daudi  cells  suggest  that  the  latter  is  a  neoplasm  of bone 
marrow-derived lymphocytes. 
7 Electron microscope studies of tonsillar lymphocytes which form rosettes in the presence 
of  hybrid antibody  (anti-Ig; anti-erythrocytes) have demonstrated the close  proximity of 
rough endoplasmic reticulum and plasma membrane in such cells  (D.  Zucker-Franktin, per- 
sonal communication). 
s Vitetta, E. S., C. Bianco, V. Nussenzweig, and J.  W.  Uhr.  1972. Cell surface immuno- 
globulin. IV. Distribution among thymocytes,  bone marrow cells and their derived populations 
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Note Added in Proof.--After submission of this paper, Eskeland and Klein reported 
that  mu  and  kappa "structures"  were liberated by homogenization or  by  freezing 
and  thawing from  the surface of Daudi cells and could be detected by inhibition of 
passive hemagglutination (Eskeland, T., and E. Klein. 1971. Isolation of 7S IgM and 
kappa chains from the surface membrane of tissue culture cells derived from  a  Bur- 
kitt lymphoma.  J.  Immunol.  107:1368).  From these studies, it was concluded that 
both 7S IgM and free kappa chains were present on the surface of Daudi  cells and 
that there was little, if any, intracellular Ig. Their results with regard to  7S IgM are 
in  complete agreement with  ours. However, our  results differ in  that  (a)  there is a 
substantial amount of intraceUular Ig which exists as free chains, and  (b)  there are no 
free chains on the cell surface. The discrepancies between these results  probably de- 
pend on the inability to rupture  microsomes by freezing and thawing or  by homog- 
enization. We have previously demonstrated  (3, 4)  that intracellular Ig is membrane 
bound and can be solubilized with detergents but not by Dounce  homogenization. 
We would like to thank Dr. Isaac Schenkein for preparing the lactoperoxidase used in some 
of these studies. We gratefully acknowledge the excellent technical assistance of Mr. W. Dolan, 
Mr. Y. Chinn, and Mrs. M. Blanco. 
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